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ABSTRACT 


Static  force  tests  were  conducted  in  the  40-in.  supersonic  and  12-in. 
hypersonic  tunnels  of  the  von  Karman  Gas  Dynamics  Facility  on  models 
of  the  Saturn  V  LOR  and  Saturn  1B/AS-206.  Data  were  obtained  at  Mach 
numbers  1. 5  through  8  at  angles  of  attack  from  -4  to  13  deg.  The 
Reynolds  number,  based  on  the  booster  diameter,  ranged  from  0.24  x  10® 
to  1.  67  x  10®.  The  results  presented  show  the  effects  of  Mach  number 
and  model  attitude  on  the  static  longitudinal  stability  and  axial-force 
characteristics. 
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NOMENCLATURE 


Reference  area  (booster  cross-sectional  area), 
(see  Fig.  1) 

Base  area,  in.  2  (see  Fig.  1) 

Forebody  axial-force  coefficient,  C^rp  _ 

Base  axial-force  coefficient,  -Cpb  (A^/A) 


Total  axial-force  coefficient. 


total  axial  force 

qroA 


in. 


2 


Pitching-moment  coefficient,  pitching  moment/q^Ad 
Initial  slope  of  the  pitching- moment  curve,  deg--*- 
Normal-force  coefficient,  normal  force /qmA 
Initial  slope  of  the  normal-force  curve,  deg”* 

Base  pressure  coefficient,  (Pb  '  Pa>) / Ro. 

Booster  diameter,  in.  (see  Fig.  1) 

Free-stream  Mach  number 
Model  base  pressure,  psia 
Tunnel  stilling  chamber  pressure,  psia 
Free-stream  static  pressure,  psia 
Free-stream  dynamic  pressure,  psia 
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SECTION  I 
INTRODUCTION 


Static  force  tests  were  conducted  in  the  40-in.  supersonic  and 
12-in.  hypersonic  tunnels  (Gas  Dynamic  Wind  Tunnels,  Supersonic  (A) 
and  Hypersonic  (E))  of  the  von  Karman  Gas  Dynamics  Facility  (VKF), 
AFDC,  AFSC,  to  obtain  the  longitudinal  static  stability  and  axial- 
force  characteristics  of  the  Saturn  1B/AS-206  and  the  current  Saturn  V 
Lunar  Orbital  Rendezvous  (LOR)  launch  configuration. 

Data  were  obtained  at  Mach  numbers  from  1.  5  to  8  for  an  angle-of- 
attack  range  of  -4  to  13  deg  and  at  Reynolds  numbers  based  on  the 
booster  diameter,  which  ranged  from  0.24  x  10®  to  1.  67  x  10®. 


SECTION  II 
APPARATUS 


2.1  WIND  TUNNELS 

Tunnel  A  is  a  continuous,  closed-circuit,  variable  density  wind 
tunnel  with  an  automatically  driven  flexible-plate-type  nozzle  and  a 
40-  by  40-in,  test  section.  The  tunnel  operates  at  Mach  numbers  from 
1.  5  to  6  at  maximum  stagnation  pressures  from  29  to  200  psia,  re¬ 
spectively,  and  stagnation  temperatures  up  to  300°F  (Mro  -  6).  Minimum 
operating  pressures  are  about  one-tenth  of  the  maximum  at  each  Mach 
number. 

Tunnel  E  is  an  intermittent,  variable  density  wind  tunnel  with  a 
nozzle  formed  by  contoured  throat  blocks  and  manually  adjusted  flexible 
plates.  The  tunnel  has  a  12-  by  12-in.  test  section  and  operates  at 
Mach  numbers  from  5  to  8  at  maximum  stagnation  pressures  from  400 
to  1600  psia,  respectively,  and  at  stagnation  temperatures  up  to  about 
900°F.  Minimum  operating  pressures  are  about  one-fourth  of  the  maxi¬ 
mum. 

A  description  of  the  tunnels  and  airflow  calibration  information  may 
be  found  in  the  Test  Facilities  Handbook*. 


*Test  Facilities  Handbook  (Sixth  Edition),  '’von  Karman  Gas 
Dynamics  Facility,  Vol.  4.  ’’  Arnold  Engineering  Development  Center, 
November  1966. 
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2.2  MODELS 

The  models  were  supplied  by  MSFC.  Two  models  of  the  Saturn  V 
LOR  were  provided,  a  0.  9 -percent  scale  model  which  was  tested  at 
Mach  numbers  from  1.  5  to  6  in  Tunnel  A  and  a  0.  3366-percent  scale 
model  which  was  tested  in  Tunnel  E  at  Mach  numbers  from  5  to  8. 

The  Saturn  1B/AS-206  model  was  0.  55-percent  scale.  The  models 
were  provided  with  alternate  aft  body  sections  so  that  data  could  be  ob¬ 
tained  on  the  Saturn  V  LOR  without  fins  and  engine  shrouds  and  on  the 
Saturn  1B/AS-206  without  fins.  Model  details  are  given  in  Fig.  1 
(Appendix),  and  photographs  of  the  models  installed  in  the  tunnels  are 
given  in  Fig.  2, 

On  all  tests  of  the  Saturn  V  LOR  0.  9 -percent  scale  model,  a 
boundary-layer  trip  composed  of  a  0.  1-in.  -wide  band  of  No.  40  car¬ 
borundum  grit  was  located  on  the  escape  tower  approximately  midway 
between  the  tip  and  shoulder  of  the  conical  nose.  The  0.  3366-percent 
model  was  tested  at  Mach  5  with  and  without  a  boundary  trip  composed 
of  a  single  row  of  steel  balls  (0.  010-in.  -diam)  located  at  approximately 
the  same  location  on  the  escape  tower  as  the  trip  on  the  0.  9-percent 
scale  model.  No  effect  of  the  trip  was  observed;  therefore,  the  data 
with  trips  are  not  presented. 

2.3  INSTRUMENTATION 

Model  force  measurements  were  made  with  six- component,  moment- 
type,  strain- gage  balances  supplied  and  calibrated  by  VKF.  Before  the 
tests,  static  loadings  in  each  plane  and  combined  static  loadings  were 
applied  to  each  balance  which  simulated  the  range  of  model  loadings  antici¬ 
pated  for  the  tests.  The  ranges  of  uncertainties  listed  below  correspond 
to  the  differences  between  the  applied  loads  and  the  values  calculated  by 
the  balance  equations  used  in  the  final  data  reduction.  The  minimum  un¬ 
certainties  are  for  loads  up  to  about  10  percent  of  the  maximum  applied 
and  are  for  loadings  on  the  particular  component  only  (no  combined  load¬ 
ing  interaction  effects).  The  maximum  uncertainties  are  for  combined 
loadings.  Since  the  normal  force,  pitching  moment,  and  axial  force  were 
of  primary  interest,  only  the  uncertainties  for  these  components  are 
presented. 
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Saturn  V  (0.9-percent  Scale)  -  Tunnel  A 


Balance 

Component 

Design 

Load 

Range  of 
Static  Loading 

Range  of 
Uncertainties- 

Normal  force,  lb 

150 

±3  to  ±60 

±0.  02  to  ±0.  14 

Pitching  moment,  in.  -lb 

760 

±8  to  ±210 

±0.  08  to  ±0.  30 

Axial  force,  lb 

75 

±4  to  ±60 

±0.  15  to  ±0.  33 

Saturn  V  (0.3366*pe 

rcent  Seale)  and  Satu 

rn  IB  (0.55-percent  Scale) 

■  Tunnel  E 

Balance 

Design 

Range  of 

Range  of 

Component 

Load 

Static  Loading 

Uncertainties 

Normal  force,  lb 

25 

±2  to  ±24 

±0.  03  to  ±0.  07 

Pitching  moment,  in.  - 

■lb  80 

±8  to  ±75 

±0.  10  to  ±0.  25 

Axial  force,  lb 

8 

±1  to  ±6 

±0.  01  to  ±0.  07 

Balance 

Component 

Saturn  IB  (0. 55-percent  Scale)  -  Tunnel  A 

Design  Range  of 

Load  Static  Loading 

Range  of 
Uncertainties 

Normal  force,  lb 

30 

±2  to  ±20 

±0.  02  to  ±0.  06 

Pitching  moment. 

in. -lb 

66 

±3  to  ±34 

±0.  03  to  ±0.  15 

Axial  force,  lb 

30 

±1  to  ±20 

±0.  01  to  ±0.  06 

The  balance  used  for  the  Tunnel  E  tests  was  cooled  by  a  water 
jacket  which  extended  over  the  entire  length  of  the  balance.  The  for¬ 
ward  end  of  the  Tunnel  E  sting  was  also  water  cooled.  Balance  tem¬ 
peratures  were  measured  by  copper- constantan  thermocouples  and 
monitored  during  all  tests. 

In  Tunnel  A,  the  base  pressures  were  measured  with  transducers  of 
15-,  5-,  and  1-psid  capacity  referenced  to  a  near  vacuum  and  are  con¬ 
sidered  accurate  to  within  0.  25  percent  of  the  transducer  capacity.  In 
Tunnel  E,  the  base  pressures  were  measured  with  5-psid  transducers 
referenced  to  an  independently  variable  pressure  system  and  are  con¬ 
sidered  accurate  to  within  ±0.  005  psi. 

A  summary  of  the  test  conditions  and  configurations  tested  is  given 
in  Table  I. 
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TABLE  I 
TEST  SUMMARY 


Note:  For  the  Saturn  V  model  without  fins,  the  shrouds  are  also  removed. 
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SECTION  III 

RESULTS  AND  DISCUSSION 


Static  longitudinal  stability  and  axial-force  characteristics  for 
the  Saturn  V  LOR  are  presented  in  Figs.  3  and  4.  Plots  of  Cjj,  Cm, 
and  C^4  versus  angle  of  attack  are  given  in  Fig.  3,  and  summary  plots 
showing  the  variations  with  Mach  number  of  Cjj  ,  Cm^,  xCp,  and 

C4  _  are  given  in  Fig.  4.  Similar  results  for  the  Saturn  1B/AS-206 
are  presented  in  Figs.  5  and  6. 

These  results  show  the  decrease  in  normal  force  and  axial  force 
and  the  forward  shift  in  the  center-of-pressure  location  obtained  when 
the  shrouds  and  fins  are  removed  from  the  Saturn  V  LOR  and  the  fins 
from  the  Saturn  1B/AS-206.  Pitching  moment  was  essentially  un¬ 
affected  by  the  configuration  change.  The  decrease  in  axial  force  with 
fins  removed  was  reasonably  constant  with  angle  of  attack;  consequently, 
these  data  were  not  included  in  Figs.  3c  and  5c.  It  should  be  noted  that 
for  the  0.  9-percent  scale  model  at  Mach  1.  5,  the  data  were  obtained  with 
the  reflected  bow  shock  impinging  on  the  fins  to  the  extent  noted  in 
Fig.  la. 

The  summary  plots  of  Figs.  4  and  6  show  that  the  center-of-pressure 
variations  over  the  complete  Mach  number  range  (Mm  =  1.  5  to  8)  were 
within  1.  5  calibers  (booster  diameters)  for  the  Saturn  V  LOR  and  about 
1.  6  calibers  for  the  Saturn  1B/AS-206.  These  data  also  show  that  good 
agreement  was  obtained  between  the  results  from  both  tunnels  at  the  Mach 
numbers  (Mro  =  5  and  6)  where  repeat  data  were  taken.  This  is  noteworthy 
in  the  case  of  the  Saturn  V  LOR  when  the  difference  in  the  model  scales  for 
both  tunnels  is  considered. 

It  may  be  noted  that  the  axial-force  results  for  the  Saturn  V  LOR  with 
fins  and  shrouds  removed  at  the  higher  Mach  numbers  (Tunnel  E  tests)  are 
not  included  in  Fig.  4.  It  is  believed  that  these  data  did  not  match  the 
Tunnel  A  results  because  of  a  small  increment  in  axial  force  which  was 
produced  by  the  balance  cooling  water  lines  (see  Fig.  2b),  which  were  not 
as  well  shielded  from  the  airstream  as  for  the  other  model  configurations. 
Figure  4  also  shows  a  noticeable  decrease  in  C  ^  ^  for  the  Saturn  V  LOR 

vehicle  at  M^  =  8.  This  can  also  be  seen  in  the  axial-force  results  of 
Fig.  3c,  which  show  a  dip  in  the  curve  through  a  -  0  which  is  typical  of 
the  results  obtained  when  flow  separation  is  present  on  a  body  at  small 
angles  of  attack. 
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APPENDIX 

ILLUSTRATIONS 


7 


03 


Auxiliary  Propulsion 
Module  Cenlerline-^ 

Systems  Tunnel  Cenlerllne-y  i— o!  45  * 

Ullage  Rocket  Cenlerline  10  2,  Mfl  D 

I8°45'*S<£  / 

1  11  Ki/i  Jk  Hydrogen 


LH2  Feed  Line 
Fairing  centerline 

A 

Ve'dvpi 

1  _!_ 


Helium  Tunnel  Centerline 


ar?0‘*  Vi/^, 

line  _  <  F 


_F«d  Line 

LH2  FIII  Line  Fairing  Centerline^'  &  Centerline  cenhrlim*~^29’  lg- 
^  ^  Section  A-A  Section  B- 


Ullage  Rocket  Cenlerline 

e’rrypi^^^T^o  f" 

(Ret  Diameter! 


A*  9.976  in. 2 
Ab  ■  14  598  in.  ‘ 
d  ■  3. 564  In.  n'u 


4  10 


Systems 
Tunnel  -c 


__Moment 

'Reference 


^*1  £"■  COXandFuel  Pressure 
Tunnel  Centerline 
J.  300  0 


Section  C-C 


0090  U 

Alternate  Aft  Body  Assembly 


au 

■X 

O.OWR-'  , 

Read  Ion  Control 
engine  14  Places) 

- — A  2 ffl- 


LH2  Fill  Line  Fairing^ 
Systems  Tunnel- 
Helium  Tunnel  Assembly", 

32", 

0  475  D  .  -v 

l  ‘ 


Ullage  Rocket 
<E  Places) , 


LHj  Feed  Line 


Auxiliary  Propulsion  \Fairing  !5  Places)  ^Ullage  Rocket  (S 
Module  (2  Places)  \  / 


Places) 


Reflected  Bow  Shock 
IMo,*  1.5  Only) 


Helium  and  Electrical 
Tunnel  Centerline 


COX  and  Fuel  Pressure 
Tunnel  Centerline 


1  wiunnei 

-j  ruy 


M3 


-J.  024- 


4.6® 


2.048 


Systems  Tunnel 

b— ;  c— | 

-t«31— 

-37.730- 


l.  764 


Helium  and  Electrical  funnel 
— UW - 


Q.090-- • 


Moment  | 

Reference _ 

P  f  K 

4 

A  ^tf" 

Bise  Deflector  1 

18  Pieces)  > 

297 

✓ 

-4 


Hi  553 


1^-1.300  D 


^Helium  and  Electrical 
Tunnel  Cenlerline 


All  Dimensions  In  Inches 


a. 


Soturn 


V  LOR  (0. 9-percent  Scale  Model) 
Fig.  1  Model  Sketches 


A  E  DC-T  R-66-263 


All  Dimensions  in  Inches 


.  Saturn  V  LOR  Fin  and  Shroud  Details  (0.9-percent  Scale  Model) 
Fig.  1  Continued 


Auxiliary  Propulsion 
Module  Centerline^ 

Systems  Tunnel  Cenlerline-r 
Ullage  Rocket  Centerline _*•/! 0/ 

>»•«; / 

Hydrogen 

r  I,  ?.  — Feed  line 

Helium  Tunnel  Cenlerlme-J-  30  Falrlnc 

LH^  Fill  Llne-^  \S  Centerline 
Fairing  Centerline 

Section  A -A 


LH?  Feed  Line 
Fairing  Centerlines 


^  .  /V  ^V6"  iTyo* 

S  vn 


Systems 
Tunnel 
Centerline' 


' — 1.333  D 
^  29'  10' 


x-1  »)D 
ntet  Diameter! 


Section  C-C 


Systems  Tunne! 


LHj  Fill  Line  Fairing- 


Helium  Tunnel  Assembly-., 
Reaction  Control  Engine  (4  P  laces  I—.  -13' 

\  r  8"S3 


Section  B-B 
-  Ullage  Rocket 

V  piacesl  rAUxt||ary  Propulsion  ^  Feed  line  Fairing  ^lacesl 
8-1  C- 


Ullage  Rocket  18  Piacesl 

cGOX  and  Fuel  Pressure  Tunnel 


A  ■  1  895  In.  ^ 
Ab  ■  2.042  In.  * 
d  - 1.313  In. 


iris'-  jm. 


-Moment 

Reference 


-tf-acw 


GOX  and  Fuel  Pressure 
Tunnel  Centerline 
1.233  D 


Alternate  Afl  Body  Assembly 


1— Helium  and  Electrical 
Tunnel  Centerline 


11“15'H 

^GOX  and  Fuel  Pressure 
[*■  Tunnel  Centerline 

) 

0^-1  233  D 

c  Moment  Reference  C 

5 . hr'' 

A 

tfcl-aiw 

QB7-  -0.20T 


-Base  Deflector 
18  Places! 


nm 


w8ase  Deflector  (8  Places) 
-Helium  and  Electrical 
Tunnel  Centerline 


All  Dimensions  In  Inches 


c.  Saturn  V  LOR  (0. 3366-percent  Scole  Model) 
Fig.  1  Continued 


AEDC-TR-66-263 


Section  C-C 


0.  Q013R 
,7°  25' 


7°  25  '  Ullage  Rocket  Centerline 

>  Systems  (Typi 

Q.220--I  Tunnel 

^H-awr^2  »  Centerline,-, 


almlHfiAC 


rA 

H_V 


5  33 


'  ~0.275jTl^ 

L—  a  945 — L  ^ 


Hy>»LH2  Feed  Line 
Fairing  Centerlim 
~l  430  D 

M 


T°36' 


*»  ■»  Auxiliary  Propulsion 

31°  4^  Module  Centerline 


Fin  Details 


Section  A  A 


ft  19ZR 
1.175  D 


■  1.4130 
(Ret. 

Diameter) 


Moment  Reference; 
t-0.?45-J 


a 


4 


FT 

1.485  0 


30o>J  La 253 


A  =  1.569  In. 
Ab-  L  733  in." 
d  *  1.413  in.2 


Alternate  Aft  Body  Reference 


1.078  0 


AEDC-TR- 66-263 


Saturn  V  LOR  (0.9-| 
Fig,  2  Model  i 


Scale  Model)  in  Tunnel  A 
ion  Photographs 


AEDC-TR-66-263 
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